INTRODUCTION
============

Stroke is a major disease that can cause disability in adults and is the second leading cause of death in the world ([@b19-jer-14-4-648]). In Korea, according to the cause of death statistics in 2014, cerebrovascular diseases are ranked third after cancer and heart disease. The single disease death rate is one of the most important causes of death in Korea ([@b28-jer-14-4-648]).

Stroke dysfunction significantly degrades motor function due to muscle weakness, reduced motor control ability, and loss of coordinated movement on the affected side. This leads to a decrease in physical activities, such as independent walking ability (WA) and balance ability (BA), which decreases the efficiency of the trunk stability muscles. These problems accelerate fatigue during a rehabilitation program or aerobic exercise that requires power and endurance. The functional recovery and rehabilitation community are delayed by bringing a limit to the WA and BA ([@b23-jer-14-4-648]).

[@b27-jer-14-4-648] showed that WA and BA improved after trunk stability exercise (TSE) was performed for 8 weeks by stroke patients. [@b3-jer-14-4-648] reported that the TSE and core stability exercises using gym-ball for elderly women for 4 weeks resulted in improved WA and BA. They emphasized the necessity of TSE for fall prevention.

Thus, the importance of abdominal muscles and paraspinal muscles in WA and BA is well known; however, the importance of diaphragm as a trunk stability muscle has been overlooked. The diaphragm controls the intra-abdominal pressure by cocontraction with the abdominal muscles during breathing. In the inspiratory state, diaphragm contraction causes the air to enter the lung. During the peak expiratory phase, the diaphragm is relaxed in the superior direction to allow air to flow outside. Thus, the diaphragm and abdominal muscles control breathing by controlling intra-abdominal pressure ([@b31-jer-14-4-648]). In previous research related to the diaphragm, [@b29-jer-14-4-648] showed an improvement in pulmonary function in stroke patients as a result of performing diaphragm exercise for 6 weeks. Patients' difficulty in breathing was reduced, resulting in improved quality of life. [@b2-jer-14-4-648] evaluated stroke patients who performed a diaphragm exercise with 30% resistance of maximal inspiratory mouth pressure for 8 weeks; the maximal inspiratory mouth pressure and muscle power and endurance of the inspiratory muscle were increased. Finally, [@b10-jer-14-4-648] performed electrical stimulation of the abdominal muscles simultaneously with diaphragm exercise over 4 weeks in stroke patients, which resulted in improved pulmonary function.

Thus, research on diaphragm function is underway, but previous studies only focused on improving the respiratory function. It is also necessary to study the effect of the diaphragm on abdominal muscles as well as on WA and BA. Therefore, this study investigates the changes in WA and BA in subjects with hemiplegia due to stroke after diaphragm and deep abdominal muscle exercise (DDAME) was performed for 6 weeks to investigate the effect of DDAME on WA and BA. Finally, the purpose of the study is to improve the functional symptoms of stroke patients and provide an effective exercise method.

MATERIALS AND METHODS
=====================

Participants
------------

This study was conducted on patients in Jeonju city, Design Hospital for 6 weeks from March to April 2017. Subjects were diagnosed with hemiplegia due to stroke, between 50--70 years of age, diagnosed between 1 and 2 years previously, could perform 10-m walking independently and walk within 5--60 sec, Korean version of Mini-Mental State Examination (MMS E-K) score of 24 or more in order to understand and follow the indication of the researcher. Twenty subjects meeting inclusion criteria provided informed consented, and were explained the purpose and procedure for this study. They were randomized into a control group (CG) (n=10) with traditional exercise and experimental group (EG) (n=10) with DDAME.

The characteristics of the participants are summarized in [Table 1](#t1-jer-14-4-648){ref-type="table"}.

Traditional exercise
--------------------

Traditional exercise was used for 6 weeks, 5 days per week, once for 40 min. Intervention was performed controlling intensities for warm-up, cool-down, mat activity, neurodevelopmental treatment (NDT), and gait training at patient level. The CG focused on TSE to enhance trunk control ability and included a stretching exercise for trunk flexibility.

Diaphragm and deep abdominal muscle exercise
--------------------------------------------

DDAME consisted 20 min of inspiratory muscle exercise (IME) and 20 min of bracing exercise as reported in [@b8-jer-14-4-648], for 6 weeks and 5 days per week. The IME used POWERbreathe (POWERbreath International Ltd., Warwickshire, UK) equipment to strengthen the inspiratory muscle. Equipment was introduced in a standing position where the tongs were tied to the nose and the mouthpiece was held in the mouth. During breathing, the equipment provides expiratory resistance, but when inspiratory, the inspiratory muscle receives resistance to the inspiratory muscle due to the intensity control spring in the grip section. IME using this equipment intervened with [@b24-jer-14-4-648] protocol. The intensity of the IME measured maximal inspiratory mouth pressure (PImax) by subjects. Subject was to perform 50% of PImax 7 times per week, 10 times over 2 to 3 weeks, 15 times for 4 to 5 weeks, and 20 times over 6 weeks ([@b13-jer-14-4-648]).

In [@b8-jer-14-4-648], bracing exercise was performed by placing a pressure biofeedback (STABILIZER, Pressure Biofeedback Unit, DJO Global, St., Vista, CA, USA) device on the lumbar region of the subject and holding the pressometer at 40 mmHg. The pressure of the pressometer was raised to 70 mmHg to allow all muscles to contract on the abdominal ([@b8-jer-14-4-648]). When the subject put pressure on the abdominal by himself, the researcher gave feedback on whether exercise was performed correctly. During the 6-week intervention, we checked motor control and gradually increased the holding time to 7, 10, 15, and 20 sec.

Measurement of WA
-----------------

The 10-m walking test (10MWT) is a test method to measure WA. The 10MWT sets a total distance of 14 m, marked at the beginning and end 2 m with tape, and the subject makes a 14-m distance from the sign "start." It is a method to measure time for 10-m distance except beginning and end 2 m for acceleration and deceleration. The average time was recorded by repeated measurement 3 times ([@b5-jer-14-4-648]; [@b33-jer-14-4-648]). This test tool is a highly reliable tool with intrarater and interrater reliability *r*=0.95--0.96 ([@b32-jer-14-4-648]).

The 6-min walk test (6MWT) is a test tool for measuring walking endurance ([@b30-jer-14-4-648]). It is used to test the walking endurance of various neurological and cardiopulmonary injury patients ([@b16-jer-14-4-648]). Recently, it has been used to test cardiopulmonary capacity and WA of chronic disease patients ([@b7-jer-14-4-648]). The measurement method requires the subject to walk the greatest distance possible over 6 min. The tester measured the total distance walked to give the elapsed time every minute for the objective test. This test tool is a highly reliable tool with intrarater and interrater reliability *r*= 0.97--0.99 ([@b6-jer-14-4-648]).

Measurement of BA
-----------------

Timed Up and Go test (TUG) is a test tool that can measure mobility and balance quickly. The subject starts sitting comfortably on a 46-cm high armchair on a flat floor. It is a method of measuring the time required until one gets up from the chair and turns at the halfway point 3 m away from the chair, returns to the chair, and sits back in the chair. The average time was recorded by repeated measurement 3 times. This test tool is highly reliable tool with intrarater and interrater reliability *r*=0.98--0.99 ([@b22-jer-14-4-648]).

Berg's balance scale (BBS) is a test tool for objective test of static balance and dynamic BA. Fourteen items were applied to the three ambits of sitting, standing, and posture change from minimum 0 point to maximum 4 points, and the total score was 56 points. This test tool is a highly reliable tool with intra-rater and inter-rater reliability *r*=0.97--0.99 ([@b1-jer-14-4-648]).

Data analysis
-------------

The statistical analysis was performed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). The Shapiro--Wilk test was used to check the normal distribution of data. The paired *t*-test was performed to compare differences in WA and BA within the groups before and after intervention. The analysis of covariance was performed to compare the differences between the EG and CG. The level of significance was set at α=0.05.

RESULTS
=======

Comparison of WA changes
------------------------

Within-group changes in 10MWT were significantly different in both EG (*P*\<0.01) and CG (*P*\<0.05). Within-group changes in 6MWT were significantly different in both EG (*P*\<0.01) and CG (*P*\<0.05) ([Table 2](#t2-jer-14-4-648){ref-type="table"}). There was significantly more improvement for 10MWT in EG than in CG (*P*\<0.05). There was significantly more improvement for 6MWT in EG than in CG (*P*\<0.05) ([Table 3](#t3-jer-14-4-648){ref-type="table"}).

Comparison of BA changes
------------------------

Within-group changes in TUG were significantly different in both EG (*P*\<0.01) and CG (*P*\<0.05). Within-group changes in BBS were significantly different in both EG (*P*\<0.01) and CG (*P*\<0.05) ([Table 2](#t2-jer-14-4-648){ref-type="table"}). There was significantly more improvement for TUG in EG than in CG (*P*\<0.01). There was significantly more improvement for BBS in EG than in CG (*P*\<0.05) ([Table 3](#t3-jer-14-4-648){ref-type="table"}).

DISCUSSION
==========

The purpose of this study was to investigate the effect of DDAME on WA (using 10MWT and 6MWT) and BA (using TUG and BBS) after DDAME was performed for 6 weeks by patients with stroke-induced hemiplegia.

The bracing exercise described by [@b8-jer-14-4-648] is an exercise method for stability and strengthening of the trunk, which increases the power and endurance by cocontraction between deep muscles and superficial muscles surrounding the trunk. [@b12-jer-14-4-648] reported that respiratory activity and BA were improved in hemiplegia (due to stroke) patients by performing bracing exercise for 6 weeks, and supported the exercise method appropriateness of this study. [@b18-jer-14-4-648] applied 5 basic training principles---overload, progressive load, repetition, individualization, and specificity---so that resistance to diaphragm and inspiratory muscles can be effectively increased with increased power and endurance. In the present study, diaphragm and inspiratory muscles strengthening exercise was used to increase mobility, power, and endurance of trunk muscles weakened by hemiplegia based on the previous research.

[@b4-jer-14-4-648] reported a significant improvement in within-group and between-group 10MWT with intensive 2-week chest mobility exercise. [@b15-jer-14-4-648] demonstrated a significant improvement after intervention using 10MWT in the EG who utilized inspiratory and expiratory exercise equipment as subjects and hemiplegia patients who were diagnosed with strokes for more than 6 months, the between-group comparison was not significant. In this study, 10MWT significantly improved after the intervention in both EG with DDAME and CG. In the between-group comparison, there was a significant difference in the EG, in which the DDAME was performed, compared with the CG. These results indicate the increase in power and endurance of the abdominal deep muscle, and that the diaphragm and inspiratory muscles stabilize the trunk, thereby improving the overall coordination of the trunk and limbs, resulting in an increase in the stance phase of the affected side and swing phase of the unaffected side. The mat activity, NDT, and gait training in the CG and the EG also showed that the 10MWT improved after intervention.

[@b14-jer-14-4-648] reported that 40 patients with hemiplegia due to stroke were treated with the concept-based respiratory muscle exercises of proprioceptive neuromuscular facilitation in an EG. 6MWT was compared within-group and between-groups, and showed significant improvement. [@b11-jer-14-4-648] demonstrated significant improvement in stroke-induced hemiplegia patients in a comparison of within-group and between-group 6MWT when EG performed breathing exercises. In this study, 6MWT significantly improved after intervention in both EG with DDAME and CG. In the comparison between-groups, there was a significant difference in the EG, in which the DDAME was performed, compared with the CG. This result shows that DDAME stabilizes trunk in gait by increasing mobility, power and endurance of trunk muscles weakened by hemiplegia, and stability of trunk increases weight shifting ability and BA.

[@b27-jer-14-4-648] demonstrated a significant improvement in TUG as a result of TSE intervention for 8 weeks in 17 subjects with hemiplegia due to stroke. In a study by [@b3-jer-14-4-648], 24 patients aged 65 years or older were randomized into TSE and gym-ball exercise group. The groups performed their exercises for 6 weeks. The results showed significant improvement in TUG for both groups after 4 weeks and 6 weeks, and there was no significant difference between-groups. [@b12-jer-14-4-648] demonstrated significant improvement in 20 hemiplegia patients comparing within-group and between-group analysis of TUG where the EG performed abdominal muscle strengthening exercises. In this study, TUG was significantly improved before and after the intervention in both EG with DDAME and CG. In the comparison of between-groups, there was a significant difference in the EG in which the DDAME was performed compared to the CG. These results suggest that DDAME is a positive exercise method for improving TUG, and strengthening the diaphragm, inspiratory muscles, abdominal deep muscles, and superficial muscles needed to improve BA.

[@b26-jer-14-4-648] randomized 38 hemiplegia patients with stroke to 20 TSE and 18 traditional balance exercise groups. After 7 weeks of intervention, BBS was observed in both groups and showed significant improvement after intervention. Also, TSE was found more effective upon between-group comparison. [@b17-jer-14-4-648] randomized 30 hemiplegia patients to the TSE and trunk resistance exercise group and showed that BBS significantly improved after the intervention in both groups, and TSE was considered to be an appropriate exercise method for improving BA. [@b25-jer-14-4-648] randomized 15 subjects with hemiplegia due to stroke to an NDT and CG based on TSE and showed significant improvement in BBS in both groups, but the comparison between-groups showed significant difference. In this study, BBS was significantly improved before and after the intervention in both the EG and CG that performed DDAME. In the comparison between-groups, there was a significant difference in the EG in which DDAME was performed compared to the CG. These results suggest that the BA is improved by increasing the muscle power of the trunk directly. These findings agree with previous research; however, unlike the previous research, strengthening of diaphragm and inspiratory muscles may have affected abdominal pressure due to coadjustment of diaphragm and abdominal muscles, which may have affected BA. The inspiratory muscle is the diaphragm and the external intercostal muscle ([@b9-jer-14-4-648]). The auxiliary inspiratory muscles are the sternocleidomastoid, scalene, trapezius ([@b20-jer-14-4-648]), pectoralis major ([@b21-jer-14-4-648]). Most of the muscles contributing to TS are thought to be more effective in BBS.

Thus, DDAME was found to be effective in improving WA and BA. Therefore, DDAME program with diaphragm and inspiratory muscles strengthening exercise inclusions is needed as some stroke patients experience difficulty in WA and BA with trunk asymmetry, abnormal alignment and mobility of trunk muscles, and declining power and endurance. This study was conducted in one medical institution; thus, it is difficult to generalize the study results for all stroke patients is limited. Additionally, the study subjects, number of doses, and daily life of the study subjects were not controlled.
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###### 

General characteristics of subjects (n=20)

  Characteristic                       Experimental group (n=10)   Control group (n=10)   *P*-value
  ------------------------------------ --------------------------- ---------------------- -----------
  Sex, male:female                     5:5                         5:5                    1.00
  Age (yr)                             59.80±6.92                  60.20±8.24             0.17
  Height (cm)                          162.00±9.60                 161.30±8.77            0.86
  Weight (kg)                          63.30±7.44                  62.30±9.02             0.50
  Side of stroke lesion, left:right    7:3                         6:4                    1.00
  Stroke type, hemorrhage:infarction   9:1                         9:1                    1.00
  Time since stroke (mo)               17.20±4.37                  17.90±3.51             0.91
  MMSE-K (score)                       26.50±2.22                  26.20±1.99             0.27

Values are presented as mean±standard deviation.

MMSE-K, Korean version of Mini-Mental State Examination.

###### 

The comparison of variable on pre and post in group

  Variable      Group           Pre             Post            *t*                                                 *P*-value
  ------------- --------------- --------------- --------------- --------------------------------------------------- -----------------------------------------------------
  10MWT (sec)   Experimental    14.22±8.43      12.93±7.93      6.67                                                0.00[\*\*](#tfn6-jer-14-4-648){ref-type="table-fn"}
  Control       15.52±6.29      14.81±5.89      2.74            0.02[\*](#tfn5-jer-14-4-648){ref-type="table-fn"}   
                                                                                                                    
  6MWT (m)      Experimental    269.50±138.27   294.00±144.62   −4.50                                               0.00[\*\*](#tfn6-jer-14-4-648){ref-type="table-fn"}
  Control       262.50±103.45   272.00±110.11   −2.48           0.04[\*](#tfn5-jer-14-4-648){ref-type="table-fn"}   
                                                                                                                    
  TUG (sec)     Experimental    15.62±7.06      12.93±6.23      4.71                                                0.00[\*\*](#tfn6-jer-14-4-648){ref-type="table-fn"}
  Control       16.54±5.99      16.20±5.89      3.28            0.01[\*](#tfn5-jer-14-4-648){ref-type="table-fn"}   
                                                                                                                    
  BBS (score)   Experimental    41.80±8.95      44.60±9.18      −5.71                                               0.00[\*\*](#tfn6-jer-14-4-648){ref-type="table-fn"}
  Control       40.40±10.94     41.50±10.69     −3.16           0.01[\*](#tfn5-jer-14-4-648){ref-type="table-fn"}   

Values are presented as mean±standard deviation.

10MWT, 10-m walking test; 6MWT, 6-min walk test; TUG, Timed Up and Go test; BBS, Berg's balance scale.

*P*\<0.05.

*P*\<0.01.

###### 

The comparison of variable on between experimental and control groups

  Variable      Group           Pre             Post            *F*     *P*-value
  ------------- --------------- --------------- --------------- ------- ------------------------------------------------------
  10MWT (sec)   Experimental    14.22±8.43      12.93±7.93      6.78    0.02[\*](#tfn9-jer-14-4-648){ref-type="table-fn"}
  Control       15.52±6.29      14.81±5.89      \-              \-      
                                                                        
  6MWT (m)      Experimental    269.50±138.27   294.00±144.62   5.36    0.03[\*](#tfn9-jer-14-4-648){ref-type="table-fn"}
  Control       262.50±103.45   272.00±110.11   \-              \-      
                                                                        
  TUG (sec)     Experimental    15.62±7.06      12.93±6.23      21.02   0.00[\*\*](#tfn10-jer-14-4-648){ref-type="table-fn"}
  Control       16.54±5.99      16.20±5.89      \-              \-      
                                                                        
  BBS (score)   Experimental    41.80±8.95      44.60±9.18      7.73    0.01[\*](#tfn9-jer-14-4-648){ref-type="table-fn"}
  Control       40.40±10.94     41.50±10.69     \-              \-      

Values are presented as mean±standard deviation.

10MWT, 10-m walking test; 6MWT, 6-min walk test; TUG, Timed Up and Go test; BBS, Berg's balance scale.

*P*\<0.05.

*P*\<0.01.
